iron that can induce oxidative stress by catalyzing lipid peroxidation and reactive oxygen species formation [5] , potentially contributing to endothelial injury with adverse cardiovascular or renal consequences [6] . There are also concerns that following IV iron therapy increased amounts of iron could become available to invading microbes [7] , which, coupled with impaired immunological responses in the presence of excess iron [6] , could increase the risk for infection.
Further evidence is required concerning the relative safety of different iron therapies in patients with CKD. However, trials of IV iron therapy in patients with nondialysis-dependent CKD have been relatively small and of short duration [8] . The evidence base regarding safety is incomplete, as discussed recently at a conference convened by the KDIGO initiative to identify gaps in knowledge so as to inform future clinical research [9] .
FIND-CKD (Ferinject V R assessment in patients with Iron deficiency anemia and NonDialysis-dependent Chronic Kidney Disease) was a randomized, multicenter trial of IV ferric carboxymaltose (FCM) versus oral iron in patients with nondialysis-dependent CKD and iron deficiency anemia who were not receiving treatment with an ESA [10] . The primary objective of the study was to test whether FCM reduces the need for alternative anemia therapy (e.g. blood transfusion or ESA therapy) compared with oral iron in this setting. Safety data were captured throughout the 1-year study. A post hoc analysis of adverse event rates per 100 patient-years was performed to assess the safety of FCM versus oral iron over an extended period.
M A T E R I A L S A N D M E T H O D S
FIND-CKD was a 56-week, open-label, multicenter, prospective, randomized, three-arm study undertaken at 193 nephrology centers in 20 countries during 2009-12 (ClinicalTrials.gov number NCT00994318) [10] .
Study population
Eligibility criteria have been described in full previously [10] . Adult patients with nondialysis-dependent CKD were eligible if (i) at least one Hb level was 9-11 g/dL; (ii) any ferritin level was <100 mg/L, or <200 mg/L with TSAT <20%; (iii) estimated glomerular filtration rate (eGFR) was 60 mL/min/1.73 m 2 [Modification of Diet in Renal Disease-4 (MDRD-4) equation [11] ] and eGFR loss was 12 mL/min/1.73 m 2 /year with predicted eGFR at 12 months !15 mL/min/1.73 m 2 ; and (iv) no ESA therapy was received within 4 months of randomization. Exclusion criteria included a documented history of discontinuing oral iron products due to significant gastrointestinal distress and active malignancy.
Study treatment
Patients were randomized in 1:1:2 ratio to high ferritin FCM, low ferritin FCM or oral iron. FCM dose (Ferinject V R , Vifor International, St Gallen, Switzerland) in the high ferritin and low ferritin FCM groups was adjusted to target a ferritin level of 400À600 and 100-200 mg/L, respectively [10] . Oral iron therapy consisted of commercially available ferrous sulfate at a dose of 304 mg (100 mg of iron) twice daily to Week 52.
Until Week 8 post-randomization, patients were not to receive ESAs, blood transfusion or any anemia therapy other than study drug unless there was an absolute requirement.
Safety data collection
All adverse events and serious adverse events were recorded at every study visit. A second or subsequent occurrence of the same adverse event in the same patient was documented.
An adverse event was classified as serious if it resulted in death, was life-threatening, required or prolonged hospitalization, led to persistent or significant disability/incapacity or was considered an important medical event. An event was classified as 'related' to study drug if a causal relationship between the event and the study drug was at least a reasonable possibility based on the investigator's medical judgement. In addition, adverse events that required hospitalization are described separately.
Ferritin and Hb were measured centrally. TSAT and C-reactive protein were measured locally. eGFR was calculated based on the MDRD-4 equation using locally measured creatinine values [11] . All laboratory values are reported for the intention-totreat population (n ¼ 616).
Statistical analysis
Adverse events and serious adverse events are reported per 100 patient-years of follow-up, both as (i) incidence, i.e. occurrence of one or more event and (ii) the cumulative number of events, i.e. every event regardless of whether it recurred in the same patient. The latter approach ensures that multiple occurrences of the same event in the same patient are recognized. Event rates were analyzed as only descriptive analyses, and no statistical inference was performed. Performing multiplicity testing and generating P-values for each category of adverse events for a nonsafety study was not deemed appropriate and would highly inflate global type-1 error.
Adverse events and serious adverse events are reported up to the point at which another anemia therapy was initiated and/or the randomized study medication was discontinued ('the safety period'). For neoplasms, all events during the total study period to the final follow-up visit are reported. Additionally, the cumulative number of adverse events, serious adverse events, serious adverse events of special interest (events classified as cardiac disorders or as infections) and hospitalizations due to adverse events are reported during the total study period (i.e. to the final follow-up visit).
Safety analyses were based on all patients who received at least one dose of randomized treatment (the safety population).
All statistical analyses were performed at the 5% level using SAS Version 9.3 V R (SAS Institute Inc., SAS/STAT, Cary, NC, USA). Continuous outcomes (e.g. ferritin levels) were analyzed by ANCOVA. Binary outcomes such as onset of neoplasm were analyzed by logistic regression methodology. Time to event outcomes were analyzed by the log-rank statistic on Kaplan-Meier survival curves.
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Patient population
In total, 626 patients were randomized. Of these, 10 did not receive any study drug, such that the safety population included 616 patients (154 high ferritin FCM, 150 low ferritin FCM, 312 oral iron). The study was completed by 519 patients. The most frequent reasons for study discontinuation were patient withdrawal (n ¼ 53), death (n ¼ 20) and adverse events (n ¼ 13) (Figure 1 ).
Demographic and baseline characteristics showed no marked differences between the three treatment groups ( Table 1 ). The medical history was as expected for a population of patients with CKD and was similar between groups. Hypertension was present at the time of study entry in 31.2, 32.7 and 23.7% of patients in the high ferritin FCM, low ferritin FCM and oral iron groups. A history of neoplasm was reported in 20.1, 17.3 and 15.4% of patients, respectively.
Treatment
The mean [standard deviation (SD)] cumulative dose of FCM of the safety population was 2685 (978) mg iron and 1040 (618) mg iron in the high ferritin and low ferritin groups, respectively; the mean (SD) number of FCM injections was 4.2 (1.7) (range 1-10) and 5.2 (3.1) (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The mean (SD) cumulative dose of oral iron was 52 435 (24 768) mg iron, and the mean (SD) total number of oral iron tablets was 524 (248) (range 2-800).
Observation time
The mean (SD) observation time from first dose of study drug to the end of the safety period was 10.8 (3.7) months in the high ferritin FCM group [median (interquartile range, IQR) 13.0 months (9.2, 13.0)], 10.3 (4.1) months in the low ferritin FCM group [median 12.8 months (7.4, 13. 
High ferritin levels
Ferritin !800 mg/L occurred at least once in 41 patients (26.6%) in the high ferritin FCM group, 9 of whom had at least two consecutive measurements of ferritin !800 mg/L (5.8%). Ferritin !800 mg/L was not observed in any patient in the low ferritin FCM group, and in only one patient (0.3%) in the oral iron group. In the high ferritin FCM group, ferritin !1000 mg/L occurred at least once in 13 patients (8.4%), and ferritin !1200 mg/L occurred at least once in 5 patients (3.2%). One patient randomized to oral iron had ferritin !1000 mg/L (0.3%). The mean total dose of FCM in the high ferritin group was similar in patients with one or more ferritin values !800 mg/L, 2561 mg iron compared with the overall high ferritin FCM group (2685 mg iron). The incidences of adverse events and serious adverse events in patients with serum ferritin !800 mg/L (80.5 and 24.4%) were comparable to those seen in the overall safety population. No patient in the high ferritin FCM group with serum ferritin !800 mg/L at any time discontinued the study drug due to adverse events.
Low ferritin levels
The incidences of adverse events and serious adverse events in patients randomized to low ferritin FCM and oral iron in whom ferritin 200 mg/L was observed at least once were 88.1 and 23.1% for low ferritin FCM (n ¼ 143) and 80.6 and 16.9% for oral iron (n ¼ 278). For patients in whom the ferritin level was always 200 mg/L, the incidences of adverse and serious adverse events were 90.1 and 25.7% in the low ferritin FCM group (n ¼ 101), and 82.6 and 21.0% in the oral iron group (n ¼ 167).
FCM dose
Data from the high ferritin FCM and low ferritin FCM groups were pooled to assess adverse events according to quartiles of total FCM dose (<1000, 1000 to <1650, 1650-2500 and >2500 mg iron). The mean duration of follow-up for safety events was somewhat lower for patients in the lowest quartile of FCM dose (265 days) compared with patients receiving 1000 to <1650, 1650-2500 or >2500 mg iron (336, 337 and 346 days, Table 1 . Baseline characteristics and relevant medical history (safety population) I V F C M v e r s u s o r a l i r o n : a 1 -y e a r s a f e t y a n a l y s i s 1533 
Adverse events
The incidence of one or more adverse events was 91.0, 100.0 and 105.0 per 100 patient-years in the high ferritin FCM, low ferritin FCM and oral iron groups, respectively ( Table 2 ). The cumulative number of adverse events per 100 patient-years was similar across treatment groups both during the safety period (Table 3 ) and during the total study period to final follow-up (Supplementary data, Table S1 ). The adverse events that recurred (i.e. were reported more than once in the same patient) most frequently were peripheral edema (1.8% of patients overall), diarrhea (1.6%), nasopharyngitis (1.1%), hypertension (1.1 %), urinary tract infection (1.0%) and hypoglycemia (1.0%).
The most common adverse events were gastrointestinal, the incidence of which was 23.1, 29.5 and 52.7 per 100 patient-years in the high ferritin FCM, low ferritin FCM and oral iron groups, respectively ( Table 2 ). The incidence of other frequently occurring adverse events, including infections and cardiac disorders, showed no clear differences between treatment groups ( Table 2) .
The incidence of one or more adverse events with a suspected relation to study drug was twice as high with oral iron compared with FCM (15.9, 17.8 and 36.7 per 100 patient-years in high ferritin FCM, low ferritin FCM and oral iron groups, respectively), due to the higher incidence of gastrointestinal events ( Table 2 ). The cumulative number of adverse events with a suspected relation to study drug per 100 patient-years was 31.0, 30.2 and 57.7, respectively.
The time to first adverse event, and particularly to first event with a suspected relation to study drug, was shorter in the oral iron group than in either FCM group ( Table 2) .
The incidence of one or more serious adverse events was 28.2, 27.9 and 24.3 per 100 patient-years in the high ferritin FCM, low ferritin FCM and oral iron groups, respectively ( Table 2 ). The cumulative number of serious adverse events per 100 patient-years showed no marked difference between treatment groups either during the safety period (Table 3) or during the total study period to final follow-up (Supplementary data, Table S1 ). The incidence of hospitalizations for adverse events, and the cumulative number of such events, was also similar between groups during the safety period ( Table 4) . The cumulative number of hospitalizations for adverse events during the total follow-up period was 42.5, 42.2 and 62.1 events per 100 patient-years in the high ferritin FCM, low ferritin FCM and oral iron groups, respectively (Supplementary data, Table S2 ). The first serious adverse event developed sooner in the oral iron group (median 67 days post-baseline compared with 143 and 134 in the high ferritin and low ferritin FCM groups, respectively). There were no serious adverse events with a suspected relation to FCM.
Adverse events leading to study drug discontinuation were rare under FCM [one and two in the high ferritin and low ferritin groups, respectively, experienced one such event each (0.7 and 1.6 events per 100 patient-years)]. In the oral iron group, 22 patients (7.1%) experienced 26 adverse events which led to study drug discontinuation (10.7 events per 100 patient-years), at a median of 29 days after start of study drug. Discontinuation of oral iron was overwhelmingly due to gastrointestinal adverse events (20 out of 26 events).
Laboratory data
eGFR remained stable in all three groups during the study. Mean (SD) values were 35.6 (13.8), 32.1 (12.7) and 33.4 (14.5) mL/min/1.73 m 2 in the high ferritin FCM, low ferritin FCM and oral iron groups at Week 52, respectively, compared with 32.8 (11.7), 31.5 (10.7) and 32.3 (11.6) mL/min/1.73 m 2 at baseline.
Hypersensitivity reactions
Two treatment-related hypersensitivity reactions were reported in the low ferritin FCM group. One was a nonserious allergic reaction that occurred 29 days after the last of four 200 mg doses of FCM; administration of FCM was not affected. The second event was a moderate allergic reaction in which the patient developed fever and chills on the day of the fourth FCM dose of 200 mg. FCM therapy was discontinued. Both events resolved without treatment and there were no sequelae. One patient in the oral iron group developed a rash, which the investigator categorized as a serious adverse event and considered to be a delayed hypersensitivity reaction related to study drug; this led to oral iron discontinuation after the first dose.
Infections
The incidence of one or more infections reported as adverse events per 100 patient-years was similar in all three treatment groups, both overall and for the most common types of infection (Table 2) . Infections reported as serious adverse events were rare, occurring with an incidence of 4.3, 3.9 and 4.9 per 100 patient-years in the high ferritin FCM group, low ferritin FCM group and oral iron group, respectively. When assessed over the total study period to the final follow-up visit, the cumulative number of serious adverse events classified as infections was 5.1, 3.3 and 11.4 per 100 patient-years, respectively (Supplementary data, Table S1 ). The incidence of hospitalizations due to infection was similar between groups, but the cumulative number of such events was numerically higher under oral iron (Table 4 ; Supplementary data, Table S2 ).
Cardiovascular disorders
The incidence of one or more cardiac disorders was 15.2, 10.9 and 11.9 events per 100 patient-years in the high ferritin FCM, low ferritin FCM and oral iron groups, respectively, during the safety period (Table 2 ). Over the total study period to final follow-up, the cumulative number of serious adverse events classified as cardiac disorders was 9.7, 7.2 and 11.7 per 1534 S.D. Roger et al. The safety population included all patients who received one or more doses of randomized treatment. a The safety period included all events up to the point at which another anemia therapy was initiated and/or the randomized study medication was discontinued. Table S1 ). Hospitalization for adverse events classified as cardiac disorders was similar in the three treatment groups (Table 4) . For major adverse cardiac events (MACE; acute myocardial infarction, acute coronary syndrome, coronary artery disease, unstable angina or myocardial ischemia) reported as serious adverse events, the incidence was 3.6 in the high FCM group, 2.3 in the low FCM group and 3.3 events in the oral iron group per 100 patient-years. There were no cases of stroke in any treatment group. The safety population included all patients who received one or more doses dose of randomized treatment. PY, patient-years.
a
The safety period included all events up to the point at which another anemia therapy was initiated and/or the randomized study medication was discontinued. The safety period included all events up to the point at which another anemia therapy was initiated and/or the randomized study medication was discontinued. A total of 33 (5.4%) neoplasms, as defined by the study investigator, were reported by the end of follow-up (mean observation period 359 days), occurring in 13 patients (8.4%) in the high ferritin FCM group, 7 patients (4.7%) in the low ferritin FCM and 13 patients (4.2%) in the oral iron group. No obvious pattern was seen for the type of neoplasms; the most frequent neoplasm was basal cell carcinoma. One death, in the high FCM group, was attributed to a neoplasm (recurrent laryngeal cancer). There were no statistically significant differences in the incidence and time to first neoplasm between treatment groups. Univariate and multivariate analyses showed that a previous history of malignancy (which was highest in the high ferritin group) was the only factor to exert a statistically significant (P < 0.05) impact on the development of neoplasms. None of the neoplasms was thought to be related to a study treatment by either the investigator or the Data Safety Monitoring Board.
Deaths
Twelve patients died during the safety period: five in the high ferritin FCM group (cardiac arrest, myocardial infarction, recurrent laryngeal cancer and respiratory failure), one in the low ferritin FCM group (acute cardiac failure) and six in the oral iron group (cardiac arrest, myocardial infarction, cerebrovascular accident, multiple myeloma, sepsis and multiple injuries secondary to trauma). None of the deaths was considered to be related to study drug by either the investigator or the Data Safety Monitoring Board.
D I S C U S S I O N
FIND-CKD studied the safety and efficacy of IV versus oral iron in a randomized controlled trial of patients with nondialysis-dependent CKD over a 1-year period and represents the most substantial data set for FCM in this setting. While we previously reported the observed incidence in each treatment arm [10] , the current study extends the safety analysis by reporting adverse event rates per 100 patient-years, thereby accounting for differences in exposure, as well as event rates according to applied FCM doses and iron status parameters, and examines the occurrence of adverse events requiring hospitalization. Results showed that the incidence of serious adverse events, and the incidence of events which required hospitalization, was similar for both FCM regimens versus oral iron therapy for the pre-specified safety period. No serious adverse event was considered to be related to FCM administration. FCM targeting either a higher or lower ferritin level showed half the incidence of adverse events with a suspected relation to study drug than oral iron, due to a lower incidence of gastrointestinal symptoms. Ferritin levels of 800 mg/L or above in the high ferritin FCM group were not associated with any increase in adverse events or serious adverse events. Higher FCM doses also showed no relation with increasing frequency of safety events.
Cardiac events, infections and renal function were of particular interest in light of concerns about a possible effect of IV iron on oxidative stress levels and the risk of an effect on the immune response. However, we found no differences. The incidence and cumulative frequency of hospitalization due to either cardiac disorders or infection was comparable between treatment groups. In particular, we observed no evidence for an increased risk of cardiac disorders or MACE with FCM compared with oral iron, although even in this high-risk population the number of patients could be insufficient to reveal a difference.
No substantive difference in adverse events was observed between the two FCM groups, despite an early profound rise in serum ferritin levels in the high ferritin cohort, as per protocol, which was sustained throughout the study. Elevated ferritin is atypical in patients with CKD who are not on dialysis unless they are acutely inflamed. Ferritin !800 mg/L occurred almost exclusively in the high ferritin FCM group but was not associated with a higher rate of adverse events and did not lead to study drug discontinuation. High ferritin concentrations were generally transient, with few patients in the high ferritin FCM group having more than one ferritin level of !800 mg/L (5.8%). Only 8.4% had one or more than one ferritin level !1000 mg/L.
Recent data from a single-center randomized study with 136 patients suggested a higher rate of cardiovascular events and infections reported as serious adverse events during 2 years' follow-up after an 8-week course of IV iron sucrose compared with oral iron [12] . In that study, which was discontinued before completion, there were 54.4 and 34.4 serious cardiovascular events per 100 patient-years in the IV and oral iron treatment groups. These findings are not consistent with FIND-CKD and other recent randomized trials in patients with nondialysisdependent CKD [13, 14] . Notably, safety analyses from REVOKE were reported as multiple events (whereby every event is counted separately when a patient experiences repeated events) instead of the more standard way of reporting adverse events (whereby patients with repeated events are counted only once), and repeated events in the same patient were largely responsible for the observed difference. Despite using both approaches in the present analysis, we observed no difference in clinical adverse events between groups.
Although FIND-CKD was longer than previous completed trials and included a relatively large study population, the analysis had restricted power to detect small differences in the incidence of adverse events between treatment groups that could still be clinically meaningful. Moreover, follow-up time may still have been too short to detect long-term effects. Follow-up time differed between the three groups, being shorter in the oral iron group, but safety events were analyzed per 100 patient-years to account for this. Additionally, it should be borne in mind that safety reporting was censored at the point at which another anemia therapy (e.g. ESA or blood transfusion) was initiated and/ or the patient discontinued study drug. This approach was taken in an attempt to obtain 'clean' data sets, but this advantage is counterbalanced by the risk that adverse events which first manifested after drug discontinuation would not be captured, and is thus a potential source of under-reporting. Inclusion of malignancies observed during the total follow-up period, and analyses for other key safety parameters over the same period, mitigates this limitation. Lastly, FIND-CKD also has the limitation of not including a placebo arm, so that no I V F C M v e r s u s o r a l i r o n : a 1 -y e a r s a f e t y a n a l y s i s conclusions can be drawn on the effect of any iron therapy versus none.
In summary, these results further support the conclusion that correction of iron deficiency anemia with IV FCM is safe in patients with nondialysis-dependent CKD, consistent with results from a recent meta-analysis of FCM across multiple indications [15] . While this is encouraging, longer follow-up in larger populations is required to definitively ascertain the longterm safety profile of FCM and other IV iron therapies.
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